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ABSTRACT 
Aspects of options are analyzed in detail in this paper. The ideas of options, the 
properties, and various factors affecting the prices are studied. The information has its importance 
in valuation, arbitrage and applications such as mimic portfolio and create synthetic instrument. 
Black-Scholes option pricing model is analyzed thoroughly. First, the assumptions of the 
model are investigated critically. The test on the normality of the rate of retum on Hang Seng 
Index shows that the distribution of the rate of retum on Hang Seng Index is not exactly a normal 
distribution. Detail investigations also show that the variance of the rate of retum on Hang Seng 
Index is not a constant. It changes over time. Moreover, it tends to increase as the index level falls. 
Nevertheless, the assumptions are good approximations. Volatility is an important variable of the 
model. An investigation of the predictability of implied volatility versus historical volatility 
shows that implied volatility has better forecasting power about future volatility. When compared 
with market prices, clearly the Black-Scholes model has bias. This can be due to its assumptions 
in building the model. Volatility smile and volatility term structure is the result. Practitioners 
construct volatility matrices handle the different volatility figures. Other sophisticated option 
pricing models are analyzed, but none is definitely superior to the Black-Scholes model. The new 
parameters introduced may create problems about whether the new parameters can be estimated 
with sufficient accuracy. Practically, the Black-Scholes model is adequate and useful for most 
applications. 
The sensitivities of option prices with the factors are also analyzed and then applied to 
trading strategies. Numerous strategies, with their properties are explored。Moreover, analyses on 
the profit potential and risk of the strategies are conducted。The monthly transactions generated 
the maximum profits and losses in the past two years of the main strategies are investigated. The 
sensitivities ofthe portfolios with the factors are also computed to show the effective way to use 
those strategies. The results show that each strategy has its strengths and weaknesses. Traders 
should apply strategies most suitable to their expectations and their degrees ofrisk aversion. 
In sum, the studies, tests and investigations in the paper provide useful results and 
insights for researchers and practitioners。 
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PREFACE 
Derivatives have been developing at a rapid pace. Today, futures，options and swaps are 
common in every aspect of daily life. Options are special. They have unique characteristics that 
enable them to be applied in many useful ways. They can also be used as a building block of 
other financial instrument. In this paper, options and their applications are analyzed in depth. 
Many properties of options are applicable to many kinds of options. So the coverage of 
different options is intended to be as board as possible. However, characteristics of options of 
different kinds may be different in some respects. In case there are differences, Hang Seng Index 
options would be our benchmark. A benchmark is used to avoid unnecessary conftision in the 
different characteristics of the wide diverse kinds of options. Index options are chosen because 
index options are among the most heavily traded options in the world. In particular, Hang Seng 
Index options are the most popular options in the secondary options market ofHong Kong. 
In the first chapter, the basic ideas of options are studied. Options market is also 
investigated. The uses of options are numerous, and they will be explained. Moreover, the value 
of options is introduced, which is an important topic though out the paper. Index options and 
Hang Seng Index options in particular, are then investigated. These concepts are vital for further 
analysis. 
Chapter two discusses the fundamental properties of options。The value of options at 
expiration, and the upper bounds and lower bounds of option prices are determined. After that, 
the put-call parity is derived and its uses explained。These characteristics form the basis of more 
complicated relationships. 
In chapter three, the factors affecting option prices are identified. In addition, their effects 
on option prices are inferred. The approach is to first understand how the factors influence option 
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prices at an intuitive level. Then a more rigorous approach will be involved in chapter four, which 
investigates option pricing in the form of mathematical modeling. 
In that chapter, option pricing model is analyzed thoroughly. First, assumptions necessary 
for building the option pricing model are considered and tested for validity. Specifically, a test of 
normality of rate of retum of Hang Seng Index is conducted. Next，investigations about whether 
the volatility of Hang Seng Index over time and across index level are performed. Other 
assumptions are also critically analyzed. After that, the formulas and features of the famous 
Black-Scholes model are demonstrated. Implied volatility, an important concept of the model, is 
investigated in detail. Specifically, the forecasting power of implied and historical volatility is 
compared. Although the model is widely used, bias is present. The reasons of the bias and the 
action practitioners taken to remedy the bias are discussed. Moreover, other models are compared 
with the Black-Scholes model. We are particularly interested in the Merton model involving 
continuous dividend, Cox's constant elasticity of variance diffusion formula, and the Merton's 
jump-diffusion formula. The reasons that the Black-Scholes model is the most widely used and 
that it is adequate for many applications are analyzed. 
With the above background, we can proceed in chapter five to obtain the sensitivities of 
option price with the factors. These sensitivity measures are important information in managing 
portfolios and option strategies. 
In chapter six, various option strategies, including the fundamental option positions, 
spread strategies and strategies combining calls and puts are explained and compared. In addition, 
the trades that generate the best and worst performance for the strategies are demonstrated. The 
sensitivities ofthose strategies with the factors are calculated and used as guidelines for exploring 
the characteristics of the strategies. 
To summarize, the paper is an in-depth analysis about trading in options. The results 
generated are useful to those who are interested in options。 
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CHAPTER I 
• R O D U C T I O N 
Option is one of the most successful financial inventions. Its popularity has been growing 
rapidly in the last several decades. Today, trading in options is no longer the privilege of large 
investors. Investors can enter into options positions easily through organized exchanges. Why are 
options so attractive? 
What ig m Option? 
An option is the right to buy or sell the underlying instrument at an agreed price on (and 
sometimes before) an agreed date. The right to buy is a call option, or simply a call. The right to 
sell is a put option, or a put The underlying instrument can be stock, bond, commodity, currency, 
interest rate index or future. The agreed price is called exercise price or strike price。The agreed 
date is called expiration date or expiry date。The buyer is also called holder, whereas the seller is 
called writer. The holder is said to have entered a long position in the option. On the other hand, 
the writer has established a short position in the option. After the purchase of the option，the 
holder can convert the option into the underlying instrument according to the terms of the 
contract。This action is referred to as exercising the option. If the option can be exercised on or 
before expiration date, it is known as an American option。If it can be exercised on expiration 
date only, it is a European option. 
Since an option is a right, not an obligation, the holder is not required to exercise the 
option. If the outcome is unfavorable, the holder can let the option expire. On the contrary, the 
writer is the seller of the right. If the holder chooses to exercise the option, the writer is obligated 
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to fulfill the contract, even the situation is unfavorable to the writer. To compensate for this risk, 
the writer receives a premium when writing an option. The premium is the price of the option. 
Options Market 
Options are traded in organized exchanges and over-the-counter market. Options traded 
in organized exchanges are standardized, while those traded over the counter are negotiated 
privately between the parties. As options traded in organized exchanges are standardized, existing 
options can be easily traded in the secondary market. As a result, they provide liquidity to 
investors. Investors can close the positions by taking opposite positions. Options traded over the 
counter do not provide this type of liquidity. However, these options provide flexibility as they 
are created through private negotiation. Another advantage of trading organized exchanges 
options is that the clearinghouses take the credit risk and guarantee the performing of the 
contracts. Thus the holders do not need to worry about the reliability of the writers, 
Uggs of Optipng 
One of the functions of derivatives is the transfer of risk from one investor to another. 
Options, as a kind of derivatives, also perform this function. Hedgers reduce their risk by 
transferring the risk to speculators. Moreover, arbitrageurs try to profit from mispriced options. 
The uses of options can be broadly divided into speculation and risk management. 
Trading in options provides a means for speculation of price of the underlying asset. The price of 
the option is typically only a portion of the amount required when investing in the underlying 
asset outright. This gives a leverage effect to speculators. Options provide a rich set of 
characteristics. In fact, options can be treated as a building block of financial instrument. If 
options strategy is designed properly, speculators can enjoy upside profit potential and limit 
downside risk. Speculators may trade volatility and profit even if the price of underlying asset 
does not change. With those features, options can also be used in risk management. 
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Value of Options 
An in-the-money option is an option that generates positive cash flow if it were exercised 
immediately. An at-the-money option is one that gives zero cash flow if it were exercised 
immediately. An out-of-the-money option gives negative cash flow if it were exercised 
immediately. 
A call option is in-the-money if the price of the underlying instrument is greater than the 
exercise price of the call option. It is out-of-the-money if the price of the underlying instrument is 
smaller than the exercise price. On the other hand, a put option is in-the-money if the exercise 
price of the put option is greater than the price of the underlying instrument. It is out-of-the-
money if the exercise price is smaller than the price of the underlying instrument. If the price of 
the underlying instrument is equal to the exercise price, the option is at-the-money. 
A call option is said to be deep-in-the-money if the price of the underlying instrument is 
greater than the exercise price by a large extent It is deep-out-of-the-money if the price of the 
underlying instrument is much smaller than the exercise price. Similarly, A put option is deep-in-
the-money or deep-out-of-the-money if the difference of the price of the underlying instrument 
and the exercise price is very large. If the price of the underlying instrument is close to the 
exercise price, the option is near-the-money。 
An in-the-money option has intrinsic value, also called exercise value or parity value. 
This value is the cash flow generated if it were exercised immediately. For in-the-money call 
option，the intrinsic value is the difference between the price of the underlying instrument and the 
exercise price. For in-the-money put option，the intrinsic value is the difference between the 
exercise price and the price of the underlying instrument. An at-the-money or out-of-the-money 
option has no intrinsic value. 
An option also has time value。The value of an option is the sum of the intrinsic value and 
the time value。 
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Index OptiQng 
An index option is an option based on an index. Options on stock indices are common. 
There are various index options traded around the world. In Hong Kong, index options are traded 
in the Hong Kong Futures Exchange (Stock options are traded in the Stock Exchange of Hong 
Kong). Index options on the Hang Seng Index, Hang Seng 100，Hang Seng China-Affiliated 
Corporations Index and HKFE Taiwan Index are currently available. 
As different index options can be very different, to avoid unnecessary confusion, our 
focus would be the Hang Seng Index options, the most widely traded options in Hong Kong. 
Nevertheless, most of the results in this paper can be applied to other index options. 
Hang Seng Index Optiong 
Hang Seng Index options are based on the Hang Seng Index, the most widely recognized 
index for Hong Kong stock market. Hang Seng Index options is the best representative of options 
in Hong Kong, due to their relatively large volume of transactions in the secondaty market. The 
exercise style is European, which implies that Hang Seng Index options can be exercised on 
expiration date only. The expiration date is the business day immediately preceding the last 
business day of the contract month. Settlement on exercise is by cash settlement. The contract 
multiplier is $50 per index point. Appendix 1 shows the details of the Hang Seng Index options 
contract. 
Most Hang Seng Index options positions are closed rather than exercised. Moreover, 
transactions concentrate on the near-the-money options in the current or next contract month. 
As Hang Seng Index options are based on the Hang Seng Index, the underlying 
instrument is equivalent to a portfolio of index constituent stocks, with weights identical to the 




BASIC PROPERTIES OF OPTIONS 
Option valuation is an important part of option trading. The price of options at expiration 
can be determined with certainty. Prior to expiration, option prices can be affected by various 
factors and move within its valid bounds. Moreover, the price of call option and the price an 
otherwise identical put option are related in a unique manner. If it is possible, results applicable to 
both European and American options are generated. However, if the relationships apply only to 
European options, the results for European options are shown. As Hang Seng Index options are 
European options, European options are our focus. 
Assumptions 
To facilitate our analysis, market imperfections are assumed not exist, as they have minor 
impact on the relationships derived Specifically: 
• There are no transaction costs 
• Taxes are not considered 
• Borrowing rate and lending rate are the same (the risk-free rate) 
A highly efficient market is also assumed so that arbitrage opportunities disappear 
quickly. This is necessary for the relationships derived to hold。 
Notation 
The following notations are used: 
c = price ofEuropean call option 
p = price of European put option 
S = price of underlying instrument 
E = exercise price 
PV(E) = present value of exercise price 
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Option Frices at Expiration 
The option prices rules at expiration is useful for understanding how the factors 
influencing option prices at a general time prior to expiration. 
Call Option Prices at Expiration 
At expiration, if the price of underlying instrument is greater than the exercise price, the 
call option can be exercised to generate a positive payoff equal to their difference. Otherwise, the 
call option is expired worthless. Therefore, at expiration， 
c = Max[ S-E, 0 ] 
Put Option Prices at Expiration 
At expiration, if the exercise price is greater than the price of underlying instrument, the 
put option can be exercised to generate a payoff of their difference. Otherwise, the put option is 
expired worthless. Therefore, at expiration, 
p = Max[ E-S，0 ] 
Upper Bounds for Option Prices 
Upper Bounds for Call Option Prices 
Call option is the right to purchase the underlying asset. It cannot worth more than the 
underlying asset. So the upper bound for the price of ca!l option is the price of the underlying 
asset: 
c<=S 
Upper Bounds for Put Option Prices 
Put option is the right to sell the underlying asset at the exercise price. It cannot worth 
more than the exercise price. European put option is that right at the expiration date. Prior to 
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expiration, as it cannot be exercised, it cannot worth more than the present value of the exercise 
price. So the upper bound for the price of European put option is the present value of exercise 
price: 
p <= PV(E) 
Lower Bounds for European Option Prices 
Lower Bounds for European Call Option Prices 
Consider two portfolios. 
Portfolio A: European call option plus cash with amount equal to the present value of the exercise 
price of the option 
Portfolio B: a share of the underlying instrument 
At expiration, the cash in portfolio A will grow to an amount equal to the exercise price. 
Ifthe price ofunderlying instrument is greater than the exercise price, the cash is used to exercise 
the call. Portfolio A would worth the price of the underlying instrument. If the price of underlying 
instrument is smaller than the exercise price, the call expires worthless. Portfolio A would worth 
the exercise price. So at expiration, portfolio A worth Max[ S, E ]. Portfolio B always worth the 
price of the underlying instrument. Clearly, portfolio A worth at least as much as, and may be 
more than, portfolio B。Thus, 
c + PV(E) >= S 
or c >= S - PV{E) 
Moreover, a call option is a right, not an obligation. It can expire worthless. Its value 
cannot be negative. Therefore, 
c >= Max[ S - PV(E), 0 ] 
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Lower Bounds for European Put Option Prices 
Consider two portfolios. 
Portfolio A: European put option plus a share of the underlying instrument 
Portfolio B: cash with amount equal to the present value of the exercise price of the option in 
Portfolio A 
At expiration, if the price of underlying instrument is smaller than the exercise price, the 
put is exercised. Portfolio A would worth the exercise price. If the price of underlying instrument 
is greater than the exercise price, the put expires worthless. Portfolio A would worth the price of 
the underlying instrument. So at expiration, portfolio A worth Max[ S, E ]. In portfolio B, the 
cash will grow to an amount equal to the exercise price. Clearly, portfolio A worth at least as 
much as, and may be more than, portfolio B. Thus, 
p + s >= PV(E) 
or p >= PV(E) - S 
Moreover, a put option is a right, not an obligation. It can expire worthless. Its value 
cannot be negative. Therefore, 
p >= Max[ PV(E) - S, 0 ] 
Put-Call Parity 
The price of a call option，the price of an otherwise identical put option, the price of the 
underlying instrument and the exercise price are all related. Consider two portfolios. 
Portfolio A: European put option plus a share of the underlying instrument 
Portfolio B: European call option plus cash with amount equal to the present value ofthe exercise 
price of the option 
At expiration, ifthe price of underlying instrument is smaller than the exercise price, the 
put is exercised. Portfolio A would worth the exercise price。The call would expire worthless. The 
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cash in portfolio B will grow to an amount equal to the exercise price. So portfolio B also worth 
the exercise price. 
On the other hand, if the price of underlying instrument is greater than the exercise price, 
the put expires worthless and portfolio A worth the price of the underlying instrument. In 
portfolio B，the cash will grow to an amount equal to the exercise price. The cash is used to 
exercise the call. So portfolio B also worth the price of the underlying instrument. 
The payoffs from the two portfolios are the same in any cases. Thus, 
p + S = c + PV(E) 
This equation is the put-call parity. It states that a put option plus a share of the 
underlying instrument is equivalent to an otherwise identical call option plus the present value of 
the exercise price. In essence, it relates the price of a call option, the price of an otherwise 
identical put option, the price of the underlying instrument, the exercise price, the time to 
expiration and the risk-free rate. The relationship can be used to mimic portfolio and create 
synthetic financial instrument. 
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CHAPTER III 
FACTORS AFFECTrSfG OPTION PRICES 
Six factors have the largest impact on option prices. They are: 
• Price of underlying instrument 
• Exercise price of the option 
• Volatility of the price of underlying instrument 
• Time to expiration 
• Risk-free rate 
• Dividends 
In this chapter, how these factors influence option prices is investigated. For each factor 
being considered, other factors are kept constant. Again, if the relationships apply only to 
European options, the results for European options are shown。As Hang Seng Index options are 
European options, European options are our focus. 
Price ofUnderlying Instrument 
The payoff for a call option is the excess of the price of underlying instrument over the 
exercise price. Consequently, the higher the price of underlying instrument, the higher the price 
of call option. 
The payofffor a put option is the excess of the exercise price over the price of underlying 
instrument. So the higher the price of underlying instrument, the lower the price ofput option. 
Exercise Price of the Optiori 
Following the similar argument as above, the higher the exercise price, the lower the 
price of call option. On the other hand, the higher the exercise price, the higher the price of put 
option. 
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Volatility of the Price ofUnderlying Instrument 
Option provides unlimited profit potential, but limited risk. Larger volatility leads to 
larger profit potential. However, losses are restricted to the price of option paid. As a result, the 
larger the volatility, the higher the price of option. 
Time to Expiration 
For European call option, if the time to expiration is longer, more time is available for the 
option to move more in-the-money. So the longer the time to expiration, the higher the price of 
European call option. Call option can be viewed as a way of deferring payment to acquire the 
underlying asset. The holder enjoys larger benefit if the period of this delay is longer. 
The situation is different for European put option. Put option can be viewed as a way of 
delaying the sale of underlying asset at the exercise price. The longer the period of this delay, the 
smaller the present value of the exercise price received. It is still true that if the time to expiration 
is longer, more time is available for the option to move more in-the-money. So the net impact of 
time to expiration on the price of European put option depends on which effect dominates. 
However, it is more usual that the longer the time to expiration, the higher the price of European 
put option. 
Risk-free Rate 
As discussed, call option can be viewed as a way of deferring payment to acquire the 
underlying asset. The holder enjoys larger benefit if the risk-free rate is higher, so that the interest 
eamed on the deferred payment is higher。So the higher the risk-free rate, the higher the price of 
call option. 
On the other hand, put option can be viewed as a way of delaying the sale of underlying 
asset at the exercise price. The higher the risk-free rate, the smaller the present value of the 
exercise price received. So the higher the risk-free rate, the lower ofthe price ofput option. 
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Dividends 
Dividend payment has a negative effect on the price of underlying asset. As a result, the 
larger the dividends, the lower the price of call option. On the other hand, the larger the dividends, 
the higher the price of put option. 
Table 1 shows the summary of how the factors influence prices of European options. 
Positive, negative and uncertain relationships are represented by ”+"，"-" and "?” respectively. 
TABLE 1 
SUMMARY OF THE EFFECT OF THE FACTORS ON EUROPEAN OPTION PRICES 
Price of call option Price of put option 
Price of underlying security + -
Exercise price of option - + 
Volatility of the price of underlying security + + 
Time to expiration + ？ 
Risk-free rate + -
Dividends - + 
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CHAPTER III 
OPTION PRICES[G MODEL 
Chapter III shows how the factors affect option prices. In this chapter, a more precise 
description of the relationship is expressed in the form of a mathematical model. 
Assumptions 
A model is a representation of the real world. The task of a model is to capture the most 
important behavior. Trivial ingredients are ignored to avoid unnecessary complication. The level 
of success of a model is measured by its usefulness. Consequently, there are several assumptions 
that must be made to build a useful model。The assumptions made here include: 
• The price of underlying instrument follows a lognormal distribution 
• The variance of the rate of retum of underlying instrument is a constant 
• The risk-free rate is a constant 
• No dividends are paid 
• There are no transaction costs and taxes 
The Price ofUnderlying Instrument Follows a Lognormal Distribution 
This is an assumption about the distribution of the price of underlying instrument。From 
observations, the continuous compounded rate of retum of underlying instrument closely follows 
a normal distribution. This translates into a result that the price of underlying instrument follows a 
lognormal distribution. This is only an approximation. There is evidence that rate of retum of 
very large magnitude occurs more often than that is predicted by a normal distribution. However, 
the approximation is good enough for most purposes. 
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A test ofthe normality ofthe rate of retum of Hang Seng Index is performed. This is a 
goodness-of-fit test. The null hypothesis is that the distribution of the rate of retum ofHang Seng 
Index is a normal distribution. Data ofHang Seng Index daily closing price from January 1997 to 
December 1998 is collected. There are 493 price data points and 492 rate of change data points. 
Rate of retum is calculated by 
Ui=ln(Si/Si . i ) 
The frequency of the rate of retum is shown is Table 2. 
TABLE 2 
FREQUENCY OF THE RATE OF RETURN 
Class Rate of retum Frequency 
~1 Less than -0.06 7 
2 -0.06 to -0.04 19 
3 -0.04 to -0.02 48 
4 -0.02 to 0 170 
5 0 to 0.02 180 
6 0.02 to 0.04 41 
7 0.04 to 0.06 16 
8 More than 0.06 11 
^ n = 492~~ 
The sample mean and sample standard deviation is 
X = -0.0005928 
s = 0.02660 
Standardize the random variable by 




Then find the probability of falling into each class if the underlying distribution is normal. 
After that, expected frequency for a normal distribution can be computed. The result is shown in 
Table 3. 
TABLE 3 
EXPECTED FREQUENCY OF THE RATE OF RETURN 
Class Probability Expected frequency 
~l 0.0128 6.2846 
2 0.0565 27.7958 
3 0.1636 80.4827 
4 0.2760 135.8102 
5 0.2717 133.6574 
6 0.1559 76.7140 
7 0.0522 25.6586 
8 0.0114 5.5967 
Total ~ T 4 ^ 
Now the actual and expected frequency is known。We can calculate the %^  value. The 
result is shown in Table 4. 
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TABLE 4 
DffFERENCE JN EXPECTED AND ACTUAL FREQUENCY 
Class Expected frequency, E Actual frequency, Y Y - E (Y-E) ^ 2 
~I 6.2846 7 0.7154 0 .0814^ 
2 27.7958 19 -8.7958 2.7834 
3 80.4827 48 -32.4827 13.1100 
4 135.8102 170 34.1898 8.6072 
5 133.6574 180 46.3426 16.0682 
6 76.7140 41 -35.7140 16.6266 
7 25.6586 16 -9.6586 3.6358 
8 5.5967 11 5.4033 5.2166 
Total 492 4 ½ 0 66.1290 
There are eight categories. Since the population mean is estimated with the sample mean 
and the population standard deviation with the sample standard deviation, we lose two degrees of 
freedom. Thus the number of degrees of freedom is 8-2-1 = 5. At the 0.5% level, with five 
degrees of freedom, the %^  value is 16.75。The calculated %^ value for our case is 66.1290, which 
is greater than 16.75。Consequently，we reject the null hypothesis that the distribution of the rate 
of retum of Hang Seng Index is a normal distribution。Although the distribution is not strictly a 
normal distribution, a normal distribution is a good approximation, and this approximation is 
adequate for most uses. Exhibit 1 shows the distribution of the rate of retum on Hang Seng Index, 
which is reasonable close to a normal distribution. 
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Exhibit 1. Distribution of Daily Rate of 
Return on Hang Seng Index 
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Daily rate of return 
The Variance of the Rate ofRetum ofUnderlying Instrument is a Constant 
Affected by environment, volatility of the underlying instrument can change over a long 
period. An investigation is performed here. Data of Hang Seng Index daily closing price is 
collected and the daily rate of retum is calculated. The time period is from 1996 to 1998. There 
are 742 price data points and 741 rate of retum data points. Rate of retum is calculated by 
Ui=ln(S"Si-i) 
The standard deviations of the daily rates of retum in different years are shown in Table 5. 
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TABLE 4 
STANDARD DEVL\TION OF THE DAILY RATE OF RETURN ACROSS TIME 




The result suggests that the standard deviation, and thus the variance, is not a constant 
over the years. However, the most active Hang Seng Index options are those short dated options 
(spot month and the next month). It is reasonable to assume that the variance of the probability 
distribution remains unchanged within such a short period of time. 
In addition, volatility of the underlying instrument can change with the market price of 
underlying instrument。An analysis is conducted Data of Hang Seng Index daily closing price is 
collected from January 1, 1996 to March 8, 1998。Here, a longer period of data is used because it 
is beneficial to include index level of different range for the comparison. The daily rate of retum 
is computed. There are 785 price data points and 784 rate of retum data points. Rate of retum is 
computed by 
u - l n ( S i / S , , ) 
The standard deviations of the daily rates of retum are shown in Table 6. 
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TABLE 4 
STANDARD DEVIATION OF THE DAH^Y RATE OF RETURN ACROSS M ) E X LEVEL 
Index level Standard deviation 
Lower than 10000 0.03146 
10000to 13000 0.02032 
Higher thanl3000 0.01549 
The result suggests that the standard deviation, and thus the variance, is different for 
different index levels. Again, as the most active Hang Seng Index options are those short term 
options, expiring in the spot month or the next month, the index level is unlikely to change much 
within such a short period of time. So the assumption that the variance of the probability 
distribution remains unchanged within the short period is not problematic. 
In fact, there is a tendency that a lower price of the underlying instrument would 
accompany a higher volatility. An explanation is that as the price of underlying instrument 
decreases, the debt to equity ratio increases. As leverage increases, the risk increases. This leads 
to an increase in volatility, and thus a higher standard deviation figure. However, the relationship 
is not so strict because volatility also depends on other factors. A clearer look at the standard 
deviation figures shows that the standard deviation of the rate of change of Hang Seng Index in 
the 12000 to 14000 level was lower than that in the 14000 to 16000 level. Another example is 
that the standard deviation of the rate of change of Hang Seng Index in the 8000 to 10000 level 
was higher than that in the 6000 to 8000 level. 
The Risk-free Rate is a Constant 
Typically, the interest rate ofUS Treasury bill with maturity closest to the expiration date 
ofthe option is used as a proxy for the risk-free rate. The rate does not change much, especially 
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within a short period of time. Moreover, the price of option is not sensitive to changes in risk-
free rate. So we can safely make the assumption that the risk-free rate is a constant. 
No Dividends are Paid 
Hang Seng Index comprises 33 constituent stocks. Most of them pay dividends. Some of 
them pay dividends more predictably. Others pay dividends unpredictably. Therefore, it is 
difficult to forecast the size of individual dividends. It is easier to forecast the continuous 
dividend yield ofHang Seng Index over a long period of time. 
However, for Hang Seng Index constituent stocks, dividend payments concentrate on 
certain months in the year. As most transactions of the Hang Seng Index options concentrates on 
the options expiring in the current month and the next month, these options are short term 
financial instrument. So it is unjustified to use a continuous dividend yield in the pricing model 
for Hang Seng Index options. If the estimate of the continuous dividend yield is included in the 
option pricing model, the output would overestimate the option value for some time, while 
underestimate the option value for other time. 
Fortunately, the effect of dividends on Hang Seng Index level is small compared with 
other factors. The prices of Hang Seng Index options are not sensitive to dividends. Thus it is safe 
to ignore the impact of dividends. 
There are No Transaction Costs and Taxes 
Exchange fee, SFC levy, compensation fund levy and commission are transaction costs in 
trading options。They affect option prices。Moreover，the bid-ask spread incurs an implicit 
transaction costs. However, the amount of transaction costs is very small. Refer to appendix 1 for 
details. It isjustified to assume that there are no transaction costs in the model. 
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The effects oftaxes are different for different investors or organizations. So we cannot 
include taxes in our analysis. Nevertheless, the impact of taxes on option prices is small 
compared with the major factors. 
The Black-Scholes Option Pricing Model 
Based on the assumptions, the Black-Scholes option pricing model can be derived. This 
model is for European options. The model is adequate for our use. Adding more variables to a 
model do not necessarily make the model more accurate to reflect the real world. For example, if 
the factor of dividends is included in the model and a variable of continuous dividend yield is 
added to the model for Hang Seng Index options, this can make the output less accurate in 
reflecting the real world situation. This is illustrated in the above explanations of why no dividend 
is assumed. 
Notation 
The following notations are used: 
c = price ofEuropean call option 
p = price ofEuropean put option 
S = price of underlying instrument 
E = exercise price of the option 
a = annualized standard deviation of the continuously compounded retum on the underlying 
instrument 
T = time to expiration in year 
r = continuously compounded risk-free rate 
The Formulas 
The option pricing formulas are: 
c = SN(d1)-Ee"^N(d2) 
p = Ee-rTN(-d2)-SN(-d1) 
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where 
j Xn(SIE) + {r + a^/2)T 
" 1 = ^7F 
d2=d1 -cr4f 
The Variables 
The input variables are those factors discussed. In particular, we have to note that the 
variables used must be consistent in time unit Furthermore, the model is a continuous model, not 
a discrete one. Variables are continuously compounded. Specifically, a is the annualized standard 
deviation, of the continuously compounded rate of retum on the underlying instrument. T is the 
time in year, r is the continuously compounded risk-free rate. 
Properties of the Black-Scholes Formulas 
If S is very large compared with E, both d, and d2 are very large. Both N(di) and N(d2) 
are close to one. Both N(-d!) and N(-d2) are close to zero. Then 
c « S - E e-'T 
p « 0 
These are the price of a deep-in-the-money call option and the price of a deep-out-of-the-
money put option. 
On the other hand, if S is very small compared with E，both 山 and d2 are negative and 
very large in magnitude. Both N(d!) and N(d2) are close to zero. Both N(-di) and N(-d2) are close 
to one. Then 
c » 0 
p « E e-rT - S 
23 
These are the price of a deep-out-of-the-money call option and the price of a deep-in-
the-money put option. 
By the model, and the fact thatN(-z) = l-N(z), and also that E e^^ = PV(E), 
p + S = E e_rT N(-d2) - S N(-di) + S 
=PV(E) [l-N(d2)] - S [l-N(di)] + S 
=PV(E) 一 PV(E) N(d2) + S N(d,) 
c + PV(E) = S N(di) _ E e-rT N(d2) + PV(E) 
=S N(di) - PV(E) N(d2) + PV(E) 
Thus, 
p + S = c + PV(E) 
which is the put-call parity. 
Therefore, the Black-Scholes model is consistent with the put-call parity. 
Implied Volatility 
Volatility is an important input of the Black-Scholes model. Option prices are very 
sensitive to this variable. However, unlike other variables, volatility cannot be directly observed. 
Historical data can be used to estimate volatility. This is the historical volatility. 
One can also assume the market is efficient and the option prices are fair. The implied 
volatility is the volatility which, when plugged into the Black-Scholes equation, gives the market 
option price. Implied volatility exposes the opinion of the market about the volatility of 
underlying instrument. 
An investigation about whether historical volatility or implied volatility is a better 
forecast the future volatility is conducted。First, data about daily closing price of Hang Seng 
Index from 1997 to 1998 is collected。The continuously compounded rate of retum for each day is 
computed. Then we can find its standard deviation within each month. The daily standard 
deviation is annualized by multiplying the standard deviation with the square root ofthe number 
of days in the year. The result is the annualized standard deviation realized within each month. 
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This realized standard deviation is compared with the implied standard deviation and historical 
standard deviation. 
Implied standard deviation is the standard deviation that gives the market option prices. 
Since different option series gives different implied standard deviations, the average of the six 
most at-the-money calls' and puts' standard deviation is used. These options are more reliable as 
they are more actively traded. Moreover, they have less bias, as they are the most at-the-money. 
The implied standard deviation in the first day of the month is used as an estimate to access the 
market view about the volatility in the month. As most Hang Seng Index options transactions 
concentrate on the spot month, this assumption is reasonable. The data of implied volatility are 
obtained from the Hong Kong Futures Exchange. 
The standard deviation of the past month is designated as the historical volatility, which 
is used to estimate the volatility of the current month. 
Table 7 shows the results. The root mean square error of between implied standard 
deviation and realized standard deviation is 0.19180, and that between historical standard 
deviation and realized standard deviation is 0,22433。It suggests that implied standard deviation is 
a better forecast of the standard deviation in the month. Market participants analyze more 
information, rather thanjust historical data, for their investment decision involving options. 
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TABLE 4 
PREDICTABILITY OF IMPLIED VOLATILITY VERSUS HISTORICAL VOLATILITY 
Year Month Standard Annualized Implied Square Historical Square 
error error 
deviation standard deviation standard deviation (implied standard (historical 
standard standard 
deviation) deviation deviation) 
1997 i 0.01181 0.18478 0 ^ 0.00232 
2 0.00969 0.15165 0.237 0.00728 0.18478 0.00110 
3 0.00969 0.15167 0.220 0.00467 0.15165 0.00000 
4 0.01274 0.19948 0.225 0.00065 0.15167 0.00229 
5 0.00938 0.14685 0.203 0.00315 0.19948 0.00277 
6 0.01725 0.26996 0.223 0.00221 0.14685 0.01516 
7 0.01133 0.17736 0.280 0.01054 0.26996 0.00858 
8 0.01933 0.30261 0.217 0.00733 0.17736 0.01569 
9 0.02598 0.40670 0.402 0.00002 0.30261 0.01084 
10 0.06478 1.01401 0.285 0.53146 0.40670 0.36883 
11 0.02853 0.44652 0.650 0.04140 1.01401 0.32205 
12 0.02547 0.39861 0.443 0.00197 0.44652 0.00230 
1998 1 0.04583 0.72034 0.450 0.07308 0.39861 0.10351 
2 0.03482 0.54728 0.600 0.00278 0.72034 0.02995 
3 0.01674 0.26303 0.483 0.04839 0.54728 0.08080 
4 0.01274 0.20030 0.332 0.01734 0.26303 0.00394 
5 0.01805 0.28362 0.360 0.00583 0.20030 0.00694 
6 0.03225 0.50679 0.430 0.00590 0.28362 0.04980 
7 0.02033 0.31958 0.493 0.03007 0.50679 0.03505 
8 0.03613 0.56786 0.505 0.00395 0.31958 0.06164 
9 0.03026 0.47555 0.662 0.03476 0.56786 0.00852 
10 0.03114 0.48948 0.492 0.00001 0.47555 0.00019 
11 0.02089 0.32825 0.438 0.01205 0.48948 0.02600 
12 0.01838 0.28891 0.478 0.03575 0.32825 0.00155 
一 RMSE= RMSE = 
0.19180 0.22433 
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Bias of the Black-Scholes Option Pricing Model 
The Black-Scholes gives reasonably good estimates of the option prices. However, there 
can be minor difference between the calculated price and the market price. 
The difference is mainly due to the assumptions made in building the model. For instance, 
dividends are paid, though the amount is usually small. Transaction costs and taxes also affect 
option value to some extent. Moreover, the rate of retum of underlying instrument is not exactly 
normally distributed. 
In addition, volatility tends to be higher when index level is low. The deep-in-the-money 
and deep-out-of-the-money options appear to be mispriced relative to at-the-money options by the 
Black-Scholes model. There appears a volatility smile for options on many stock indices. The 
implied volatility of low exercise price options is higher than the implied volatility of high 
exercise price options. As an example, exhibit 2 shows the volatility smile for Hang Seng Index 
options on March 16，1999. 
Exhibit 2. Volatility Smile for 
I Hang Seng Index Options 
i (March 16, 1999) 
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There is also a volatility term structure. Implied volatility tends to be an increasing 
function of time to expiration. 
Practitioners usually deal with the situation by constructing volatility matrices. One 
dimension of the matrices is exercise price, the other is time to expiration. Then the implied 
volatility of different exercise prices and times to expiration are visualized for decision making. 
It is common that trades on Hang Seng Index options concentrates on the short dated 
options and also near-the-money options. In these circumstances, the Black-Scholes model works 
well. 
Other Option Pricing Models 
The Black-Scholes model is the most widely used model in the finance industry. This is 
due to the usefulness and the clear assumptions of the model. Other option pricing models may be 
better than the Black-Scholes model in some respects, but none is superior to the Black-Scholes 
model in all respects。 
A model, commonly known as the Merton model, assumes the underlying instrument 
paying a continuous dividend. The model is useful for pricing currency options, as currency 
paying interest is analogous to stock paying dividend. If the constituent stocks of an index pays 
dividend evenly in the year, and the amount of dividend can be estimated with sufficient accuracy, 
the Merton model can also be used. However, this is not the case for Hang Seng Index. Dividends 
are concentrated on some months of the year。Besides，it is difficult to forecast the size of 
dividends for some of the constituent stocks。 
The Cox's constant elasticity of variance diffiision formula，also known as the constant 
elasticity of variance model (CEV model), handles the situation that the variance of the rate of 
retum ofthe price of underlying instrument is not a constant The model is a generalization ofthe 
Black-Scholes model (The Black-Scholes model assumes constant volatility). It seems to fit 
actual option prices better. However, it introduces a parameter about the dependence of the 
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volatility on the price of underlying instrument. There is a risk that the parameter may not be 
estimated with sufficient accuracy. Empirical studies suggest that the parameter is different for 
different instrument. In addition, the parameter is not constant through time. The new parameter 
may be difficult to estimate with reasonable accuracy. To use the CEV model, one needs to 
estimate the new parameter, as well as the usual volatility parameter. 
Another model, the Merton's jump-diffusion formula, handles the situation that price of 
underlying instrument can be discontinuous. That is, there can be price jumps. This property is 
especially useful to handle cases such as dividend payments. However, three additional 
parameters about the size and frequency of the jumps are required. There is a risk that the 
parameters cannot be estimated with enough accuracy. 
As each model has its strengths and weaknesses, no option pricing model is strictly 
superior to others. At the current moment, the Black-Scholes model is the most popular in the 
finance industry. The Black-Scholes model also suits our application well, so it would be applied 
in later chapters。 
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CHAPTERV 
SENSITIVITIES OF OPTION PRICE TO ITS FACTORS 
In the last chapter, the relationship of option price to its factors is established as a 
mathematical model. This chapter explores the responsiveness of option price to its factors. 
Variables that affect option price include the price of underlying instrument, volatility, 
time to expiration and risk-free rate. The sensitivities of option price to these factors can be 
expressed in mathematical forms as the derivatives of the option price with respect to these 
factors. That would be the rate of change of option price with respect to these input variables. We 
will use the same notation as the last chapter. This chapter uses the Black-Scholes model to 
derive the derivatives. As the Black-Scholes model only applies to European options, the analysis 
of this chapter only applies to European options. 
The findings are consistent with the conclusions in Chapter III，Factors Affecting Option 
Prices. 
Dglta 
Delta is the rate of change of option price with respect to the price of underlying 
instrument. Mathematically, it is the first derivative of option price to the price of underlying 
instrument: 
%• 
% - n 
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Graphically, delta is the slope of the curve relating option price and the price of 
underlying instrument. 
The delta of call option is positive, meaning that an increase in the price of underlying 
instrument would lead to an increase in the price of call option. On the other hand, the delta ofput 
option is negative, implying that an increase in the price of underlying instrument would lead to a 
decrease in the price of put option. 
Deep-in-the-money call option has a delta nearly one. It moves almost dollar-for-dollar 
with the underlying instrument. Deep-in-the-money put option has a delta nearly negative one. It 
moves almost dollar-for-dollar with the underlying instrument, but in opposite directions. Deep-
out-of-the-money option has a delta nearly zero. Its price does not respond much to the price of 
underlying instrument. 
As expiration date approaches，the delta of in-the-money call option converges towards 
one, while the delta of in-the-money put option converges towards negative one. The delta of out-
of-the-money option converges towards zero. 
As the volatility of underlying instrument decreases, the delta of in-the-money call option 
increases towards one, while the delta of in-the-money put option decreases towards negative one. 
The delta of out-of-the-money option moves towards zero. 
Ysga 
Vega is the rate of change of option price with respect to the volatility of price of 
underlying instrument. Mathematically, it is the first derivative of option price to the standard 
deviation ofthe continuously compounded retum on the underlying instrument: 
^ = ^ = S^N^(d,) 
dCT dcT ^ 1" 
where 
^- i^'/2 
譽 ~ ^ 
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The vega of option is positive, meaning that an increase in the volatility of underlying 
instrument would lead to an increase in the option price. The vega of call option is the same as the 
vega of an otherwise identical put option. 
Vega is the greatest when an option is at-the-money. As the option moves more in- or 
out-of-the-money, vega decreases. Option price is most sensitive to the volatility of underlying 
instrument when it is at-the-money. 
As expiration date approaches, vega decreases, if other factors being unchanged. 
As the volatility of underlying instrument increases, vega increases, keeping other factors 
constant. 
T h e t ^ 
Theta is the negative of the rate of change of option price with respect to the time to 
expiration. Mathematically, it is the negative of the first derivative of option price to the time to 
expiration: 
dc SN\d,)cT ^ _,r.j... 
- 矿 ~ ^ - 成 ' 專 2 ) 
- ^ = -^^.rEe--N(-ci,) 
dT 2Vr 
with N'(di) the same as that stated earlier。 
The theta of call option is negative, meaning that a decrease in the time to expiration 
would lead to a decrease in the price of call option. The drop in the price of option caused by the 
decrease in the time to expiration is called time value decay. The theta of put option can be 
negative or positive, although negative is more common. This implies that a decrease in the time 
to expiration can result in a decrease or an increase in the price of put option. 
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Theta is the greatest when an option is at-the-money. As the option moves more in- or 
out-of-the-money, theta decreases. Option price is most sensitive to the time to expiration when it 
is at-the-money. 
As expiration date approaches, the magnitude of theta increases, if other factors being 
unchanged. 
As the volatility of underlying instrument increases, the magnitude of theta increases, 
keeping other factors unchanged. 
RhQ 
Rho is the rate of change of option price with respect to the risk-free rate. Mathematically, 
it is the first derivative of option price to the risk-free rate: 
- = TEe-''N{d,) 
dr 、” 
^ = -TEe-^N{-d,) 
or 
The rho of call option is positive, meaning that an increase in the risk-free rate would 
lead to an increase in the price of call option. On the other hand, the rho of put option is negative, 
implying that an increase in the risk-free rate would lead to a decrease in the price of put option。 
The more in-the-money a call option, the higher the rho。The more in-the-money a put 
option the lower the rho。 
As expiration date approaches，the rho of an option converges towards zero. 
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Oamma 
Gamma is the rate of change of delta with respect to the price of underlying instrument. 
Mathematically, it is the first derivative of delta to the price of underlying instrument, and the 
second derivative of option price to the price of underlying instrument: 
dDelta _ d^c 二 d^p 二 N'(d^) 
dS — W^ — ^ — Scr4f 
Graphically, gamma is the curvature of the curve representing the relationship between 
option price and the price of underlying instrument. 
The gamma of option is positive, meaning that an increase in the price of underlying 
instrument would lead to an increase in the delta of option. 
Gamma is largest when an option is at-the-money. Gamma decreases towards zero as the 
option moves more in- or out-of-the-money。 
As time to expiration decreases, the gamma of at-the-money option increases. As 
expiration becomes very close, the gamma of at-the-money option increases dramatically. For in-
the-money and out-of-the-money option, with expiration distant, as time to expiration decreases, 
the gamma first tends to increases (but actual calculation is needed to conclude the effects of the 
passage of time at this stage)。Then as expiration becomes very close, the gamma of in-the-money 
and out-of-the-money decreases towards zero。 
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Managing the Change in the Value of Option 
The change in the value of an option can be approximated by this equation: 
Change in option price = Delta * Change in the price of underlying instrument 
+ Vega * Change in implied volatility 
-Theta * Change in time to expiration 
+ Rho * Change in risk-free rate 
+ 1/2 * Gamma *(Price of underlying instrument” *(Realized volatility)^ 
The negative sign before theta is a matter of convention. With this convention, a negative 
theta and a decrease in time to expiration lead to a decrease in option price. This is consistent 
with the definition of theta. 
The equation is only an approximation because delta, vega, theta, rho and gamma are not 
constant. The sensitivity variables themselves change when the input variables of the Black-
Scholes model change。Nevertheless, the equation is useful when the change is small. 
Sensitivities ofPortfolio Value to the Factors 
The sensitivity measures discussed include delta, vega, theta, rho and gamma. They are 
additive. The sensitivity measures of a portfolio of options on the same underlying instrument are 
the sum of sensitivity measures of individual options positions. The information of sensitivities of 
portfolio value to the various factors is very helpM for managing a portfolio of options positions. 
Investors can take advantage of opportunities and avoid surprises more effectively. 
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CHAPTERV I 
TRADRTO STRATEGIES OF OPTIONS 
The knowledge of the past chapters can be applied to options trading. Trading strategies 
of options are broadly classified into strategies involving a single option，spread strategies and 
strategies involving a combination of call and put options. In this section, the construction of 
various strategies is explained. Moreover, the trading results of the main strategies are shown for 
illustrative purpose. 
Methodology 
The most profitable and unprofitable trades in the last two years are considered to be 
good representatives for demonstration about the usefulness of the strategies in various scenarios. 
The trading results show the outcome of applying the strategies in the month。 
Data about Hang Seng Index is collected。The price of the Hang Seng Index option is 
computed based on the data obtained from the Hong Kong Futures Exchange. For strategies 
involving only one option, the exercise price of the option that is most at-the-money is chosen. If 
two options are involved, the exercise prices of six hundred index points above and below that of 
the most at-the-money option is used. If three options are involved, the exercise price of the most 
at-the-money option, and the exercise prices of six hundred index points above and below that, 
are used. Many strategies involve options of one period. In these cases, the options of the current 
month are chosen. If options of different time to expiration are involved in the strategies, the 
options of the current month and the next month are selected. 
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The values of delta, vega, theta, rho and gamma of the strategies when initially setting 
up are calculated using the formulas in chapter V，so that how the factors affect the outcome can 
be studied. Note that these sensitivity measures are not constants. 
The profits or losses of the strategies are also computed in the month. They are used as 
illustrations of what can happen. 
The retum of a short strategy is the mirror image of the retum of a long strategy. So the 
trading results are intentionally skipped to avoid repetition. 
T.imitations 
The trading results are for illustrations only. Since it is an ex-post analysis, whether the 
profits and losses are reproducible may be suspicious. However, the results do provide some 
insights of what could happen when trading Hang Seng Index options. The results can be useful 
references when used carefully, with the assumptions bearing in mind。Specifically，the 
limitations include: 
• The trading results only reflect the situations in the last two years. Future index levels and 
volatility should be quite different. 
• The price of the Hang Seng Index option is calculated based on the data obtained from the 
Hong Kong Futures Exchange, using the Black-Scholes option pricing model. The closing 
prices of Hang Seng Index options are not used because the option closing prices are the 
prices of the last transacted options in the day. However, there is no data to know what index 
level was when that last transaction happened. Using a theoretical model may raise other 
problems, but the data would be more consistent. In addition, as the Hang Seng Index options 
we are considering are near-the-money，and the time to expirations are short, the prices 
produced by the Black-Scholes model conform with the actual prices quite closely。 
Furthermore, as the option prices typically change substantially in a month, the problem is 
even smaller. 
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• Exercise prices ofthe most at-the-money option, and those six hundred index points above 
and below are used. They are chosen as representatives since too many combinations can be 
obtained by using different exercise prices. In reality, there are many varieties. 
• Options of the current month and the next month are selected as representatives. There are 
numerous varieties in reality, as options of more remote months can also be used. 
Basic Strategies 
Trading strategies can simply involve a single option. An option provides leverage to 
traders. As an option is right, not obligation, the maximum loss is the invested capital. Thus a 
long position in an option offer substantial profit potential, but limited risk. A short position gives 
the opposite outcome. Typically, investors using the simple strategies intend to apply the 
properties of delta of the option. Later, advanced strategies can apply some of the results of basic 
strategies, as advanced strategies are some kinds of modifications and combinations of basic 
strategies. 
Long Call 
A long position in a call option has a positive delta。It is a bullish strategy. Traders 
benefit if the price of underlying instrument increases. Theta is negative, implying that the 
position is adversely affected by time value decay. However, gamma is positive. An increase in 
realized volatility improves the position。 
The initial cost of the strategy is the price of the call option: c。 
At expiration, the retum of the strategy is the intrinsic value of the call option less the 
initial cost: Max[S-E,0] - c。At that time, the price of underlying instrument must exceed the 
exercise price by the call option price to cover the initia! cost, so the breakeven price is the call 
option price plus the exercise price: c+E. The maximum profit is not bounded. The maximum loss 
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occurs if the call option is expired worthless, and that loss is the call option price: c. Table 8 
summarizes the retum characteristics of the long call strategy. 
TABLE 8 
RETURN PROFILE OF LONG CALL STRATEGY 
Initial cost c 
At expiration: 
Retum Max[S-E,0] - c 
Break-even price c+E 
Maximum profit Not bounded 
Maximum loss c 
Here are two examples of what happened in using this strategy. The first is the best 
monthly result in the past two years. The second is the worst one. 
This is the case of good performance。Hang Seng Index closed at 7837.602 on September 
29，1998。A call option of exercise price 7800 expiring October 1998 was worth 405. When the 
position was set up, delta was 0.5401, vega was 839.8, theta was -2641, rho was 279, and gamma 
was 0.000409, It is a positive delta strategy，so traders benefit if the price of underlying 
instrument rises. Hang Seng Index closed at 9931.438 on the expiration date October 29, 1998. 
The call option was then worth 2131. In this transaction, the profit was 1726 index points, or HK$ 
86300. The simple long call strategy is suitable if traders believe that the price of underlying 
instrument will rise, yet want to set a limit on the loss。 
This is the case ofbad performance。Hang Seng Index closed at 10362.859 on October 30, 
1997. A call option of exercise price 10400 expiring November 1997 was worth 938, When the 
position was set up, delta was 0.5399, vega was 1175, theta was -5831，rho was 380.2, and 
gamma was 0.000166. Hang Seng Index closed at 10583.098 on the expiration date November 27, 
39 
1997. The call option was then worth 183. The loss was 755 index points, or HK$ 37750. The 
main reason offailure in this transaction is that the price of underlying instrument did not change 
much, so the position lost much time value. Note that the value of theta was negative and of large 
magnitude. Moreover, the price of the call option was very high because of its high implied 
volatility。It tumed out that the realized volatility was much smaller and that the position lost 
substantial value. 
Short Call 
A short position in a call option has a negative delta. It is a bearish strategy. It is 
favorable if the price of underlying instrument decreases. Theta is positive, implying that the 
position is favorably affected by time value decay. However, gamma is negative. An increase in 
realized volatility worsens the position. 
The initial cash inflow of the strategy is the price of the call option: c. 
At expiration, the retum of the strategy is the initial cash inflow less the intrinsic value of 
the call option: c - Max[S-E,0]. For a loss to occur, the price of underlying instrument must 
exceed the exercise price by the call option price, so the breakeven price is the call option price 
plus the exercise price: c+E. The maximum profit occurs if the call option is expired worthless, 
and that profit is the call option price: c。The maximum loss is not bounded. Table 9 summarizes 
the retum features of the short call strategy， 
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TABLE9 
RETURN PROFmE OF SHORT CALL STRATEGY 
Initial cash inflow c 
At expiration: 
Retum c - Max[S-E,0] 
Break-even price c+E 
Maximum profit c 
Maximum loss Not bounded 
Long Put 
A long position in a put option has a negative delta. It is a bearish strategy. Traders 
benefit if the price of underlying instrument decreases. Theta is negative, implying that the 
position is adversely affected by time value decay. However, gamma is positive. An increase in 
realized volatility improves the position. 
The initial cost of the strategy is the price of the put option: p. 
At expiration, the retum of the strategy is the intrinsic value of the put option less the 
initial cost: Max[E-S,0] - p. The price of underlying instrument must be less than the exercise 
price by the put option price to exceed the initial cost, so the breakeven price is the exercise price 
minus the put option price: E-p. The maximum profit occurs if the price of underlying instrument 
drops to zero, and that profit is the exercise price minus the put option price: E-p. The maximum 




RETURN PROFILE OF LONG PUT STRATEGY 
Initial cost p 
At expiration: 
Retum Max[E-S,0] - p 
Break-even price E-p 
Maximum profit E-p 
Maximum loss p 
Here is the case of superior retum. Hang Seng Index closed at 14864.367 on September 
29, 1997. A put option of exercise price 14800 expiring October 1997 was worth 535. When the 
position was set up, delta was -0.4629, vega was 1687, theta was -3461, rho was -605.3，and 
gamma was 0.000279。The value of delta was negative, implying a bearish view on the market. 
Indeed, Hang Seng Index dropped substantially and closed at 10362.859 on the expiration date 
October 30，1997. The put option was then worth 4437. The profit was 3902 index points, or HK$ 
195100. 
This is the case of poor retum。Hang Seng Index closed at 10392.859 on October 30， 
1997. A put option of exercise price 10400 expiring November 1997 was worth 975. When the 
position was set up, delta was -0.4601, vega was 1175, theta was -5831，rho was -468.8, and 
gamma was 0.000166. Hang Seng Index closed at 10583=098 on the expiration date November 27, 
1997. The put option was then worth 0. The loss was 975 index points, or HK$ 48750. The 
market was stagnant for the month, so the put option lost much time value in this transaction. The 
theta was negative and of large magnitude. Moreover, the high implied volatility of the put when 
initial set up was very high, pushing up the put option price。The realized volatility was much 
smaller, resulting in a huge loss. 
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Short Put 
A short position in a put option has a positive delta. It is a bullish strategy. It is favorable 
if the price of underlying instrument increases. Theta is positive, implying that the position is 
favorably affected by time value decay. However, gamma is negative。An increase in realized 
volatility worsens the position. 
The initial cash inflow of the strategy is the price of the put option: p. 
At expiration, the retum of the strategy is the initial cash inflow less the intrinsic value of 
the put option: p - Max[E-S,0]. For a loss to occur, the price of underlying instrument must drop 
below the exercise price by the put option price, so the breakeven price is the exercise price 
minus the put option price: E-p. The maximum profit occurs if the put option is expired worthless, 
and that profit is the put option price: p. The maximum loss happens if the price of underlying 
instrument drops to zero, and that loss is the exercise price minus the put option price: E-p. Table 
11 summarizes the retum features of the short put strategy。 
TABLE 11 
RETURN PROFILE OF SHORT PUT STRATEGY 
Initial cash inflow p 
At expiration: 
Retum p “ Max[E-S,0] 
Break-even price E-p 
Maximum profit p 
Maximum loss E-p 
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Spread Strategies 
Spread strategies involve options of the same class but different series. That is, otherwise 
identical options but with different exercise prices or expiration dates are used in spread strategies. 
Spread strategies are defensive strategies. The options act together that some of the risk is offset 
by others. Risk is limited. However, profit potential is also limited. Spread strategies have a lot of 
variety. Investors using the spread strategies usually intend to apply the properties of delta, 
gamma or theta of the options. 
Here, some of the results of retum characteristics ofbasic strategies can be used to get the 
results of retum characteristics of spread strategies, as spreads are built up by joining simple 
options. 
Money Spread 
A money spread comprises a long position and a short position in options differing only 
by the exercise prices。Money spread offers a low cost way to participate in the market, as the 
cash inflow offsets a portion of the cost when setting up the position. The cost is influenced by 
the exercise prices selected. It may also generate cash inflow when initializing the position. 
However, margin must be deposited Typically，traders intend to apply the properties of delta of 
the options. Money spread is also called vertical spread. In this section, subscripts L and H 
represent low exercise price and high exercise price respectively. 
Bull Call Spread 
A bull call spread involves a long call of lower exercise price and a short call of higher 
exercise price. Establish the position can require a low cost, by choosing suitable exercise prices. 
When setting up, the strategy has a positive delta, a theta around zero, and a gamma about zero. 
Both the profit and loss ofbull call spread is bounded. 
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Here is the case of good performance. Hang Seng Index closed at 9931.438 on October 
29, 1998. A call option of exercise price 9400 expiring November 1998 was worth 851. A call 
option of exercise price 10600 also expiring November 1998 was worth 305，and it was shorted. 
When the strategy was set up, the portfolio delta was 0.3288, vega was -32.20, theta was 88.99, 
rho was 231.1, and gamma was -0.000008. The strategy had a positive delta. Hang Seng Index 
closed at 10742.102 on the expiration date November 27, 1998. The call options were then worth 
1342 and 142. The profit was 654 index points, or HK$ 32700. 
This is the case of bad performance. Hang Seng Index closed at 10471.148 on April 29, 
1998. A call option of exercise price 9800 expiring May 1998 was worth 866. A call option of 
exercise price 11000 also expiring May 1998 was worth 262, and it was shorted. When the 
strategy was set up, the portfolio delta was 0.3900, vega was -143.5, theta was 324.9，rho was 
295.8, and gamma was 0.000040. Hang Seng Index closed at 8877.938 on the expiration date 
May 28，1998. The two call options were then both worth 0. The loss was 604 index points, or 
HK$ 30200. The delta of the portfolio was positive, but Hang Seng Index slipped a lot in the 
month, so there was a substantial loss in this transaction. 
Pgar Call Sprgad 
A bear call spread is the inverse of buli cal! spread. It involves a long call of higher 
exercise price and a short call of lower exercise price。When setting up, the strategy has a 
negative delta, a theta around zero, and a gamma about zero. Both the profit and loss of bear call 
spread is bounded. 
Bull Put Spread 
A bull put spread involves a long put of lower exercise price and a short put of higher 
exercise price. Establishing the position generates cash inflow。When setting up，the strategy has 
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a positive delta, a theta around zero, and a gamma about zero. Both the profit and loss of bull 
put spread is bounded. 
Here is the case of superior retum. Hang Seng Index closed at 9931.438 on October 29， 
1998. A put option of exercise price 9400 expiring November 1998 was worth 320. A put option 
of exercise price 10600 also expiring November 1998 was worth 973，and it was shorted. When 
the strategy was set up, the portfolio delta was 0.3288, vega was -31.20, theta was 88.99, rho was 
333.2, and gamma was -0.000008. Hang Seng Index closed at 10742.102 on the expiration date 
November 27，1998. The put options were then both worth 0. The profit was 653 index points, or 
HK$ 32650. The positive delta accompanied with a significant rise in Hang Seng Index created 
the fortune. 
This is the case of poor retum. Hang Seng Index closed at 10471.148 on April 29, 1998. 
A put option of exercise price 9800 expiring May 1998 was worth 195. A put option of exercise 
price 11000 also expiring May 1998 was worth 790，and it was shorted. When the strategy was 
set up, the portfolio delta was 03900, vega was -143.5, theta was 324.9，rho was 397.8, and 
gamma was 0.000040. Hang Seng Index closed at 8877.938 on the expiration date May 28，1998. 
The two put options were then worth 922 and 2122. The loss was 605 index points, or HK$ 
30250. The positive delta and the substantial decline in the market were the main reason for the 
loss. 
Bear Put Spread 
A bear put spread is the inverse of bull put spread. It involves a long put of higher 
exercise price and a short put of lower exercise price. When setting up, the strategy has a negative 




A ratio spread is a variation of money spread that the number of long position and short 
position can be different to 1:1. Traders can adjust the ratio by the view on the market. Moreover, 
a ratio spread can involve two options weighted by their deltas, so that the resulting retum is risk-
free. If the change in the price of underlying instrument is very small, ratio spread can be 
considered to by risk-free. However, as deltas change, the retum from the ratio spread is not risk-
free any more. 
Box Spread 
A box spread is composed of a bull call spread and a bear put spread, with the two 
spreads involving options of the same pair of exercise prices. With these properties, the resulting 
box spread is a riskless strategy and should eam at the risk-free rate. It can be used by market 
participants for arbitrage if the market prices of options deviate from the fair values, but the 
transaction costs must be low enough, because a box spread involves four options. 
Butterfly Spread 
A long position in butterfly spread comprises a long position in option of a low exercise 
price, two short positions of middle exercise price, and a long position of high exercise price. It is 
the other way round for the short position in butterfly spread. A butterfly spread can be 
decomposed into two money spreads. Typically, traders intend to apply the properties of gamma 
of the options. 
Long Call Butterfly Spread 
A long call butterfly spread involves a long call of lower exercise price, two short calls of 
middle exercise price and a long call of higher exercise price. When setting up, the strategy has 
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delta about zero, a positive theta, and a negative gamma. The loss is bounded. The profit is also 
bounded but can be substantial if the price of underlying instrument remains stagnant. 
Here is the case ofgood performance. Hang Seng Index closed at 7829.738 on August 28, 
1998. A call option of exercise price 7200 expiring September 1998 was worth 981，and it was 
longed. Call option ofexercise price 7800 also expiring September 1998 was worth 656, and two 
of such call options were shorted. A call option of exercise price 8400 expiring September 1998 
was worth 419, and it was longed. When the strategy was set up, the portfolio delta was 0.0041, 
vega was -126.2, theta was 488.7，rho was -4.973, and gamma was -0.000034. Hang Seng Index 
closed at 7837.602 on the expiration date September 29，1998. The call options were then worth 
638, 38 and 0 respectively. The profit was 474 index points, or HK$ 23700. The stagnant market 
created such a profit. 
This is the case ofbad performance. Hang Seng Index closed at 11503.758 on March 30， 
1998. A call option of exercise price 11000 expiring April 1998 was worth 585, and it was longed. 
Call option of exercise price l 1600 also expiring April 1998 was worth 221，and two was shorted. 
A call option of exercise price 12200 expiring April 1998 was worth 55, and it was longed. When 
the strategy was set up, the portfolio delta was 0,04262，vega was -826.4, theta was 1119，rho was 
22.42, and gamma was 0.000390. Hang Seng Index closed at 1047L148 on the expiration date 
April 29, 1998。All the call options involved were then worth 0. The loss was 198 index points, or 
HK$ 9900. The significant drop in the market was the main cause of the losses. 
Short Call Butterfly Spread 
A short call butterfly spread is the inverse of long call butterfly spread. It involves a short 
call of lower exercise price, two long calls of middle exercise price and a short call of higher 
exercise price. When setting up, the strategy has delta about zero, a negative theta, and a positive 
gamma. The profit is bounded. The loss is also bounded but can be substantial if the price of 
underlying instrument remains stagnant. 
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Long Put Butterfly Spread 
A long put butterfly spread involves a long put of lower exercise price, two middle puts 
ofmiddle exercise price and a long put ofhigher exercise price. When setting up, the strategy has 
delta about zero, a positive theta, and a negative gamma. The loss is bounded. The profit is also 
bounded but can be substantial if the price of underlying instrument remains stagnant. 
Here is the case of superior retum. Hang Seng Index closed at 7829.738 on August 28, 
1998. A put option of exercise price 7200 expiring September 1998 was worth 352, and it was 
longed. Put option of exercise price 7800 also expiring September 1998 was worth 626，and two 
of such put options were shorted. A put option of exercise price 8400 expiring September 1998 
was worth 989，and it was longed. When the strategy was set up, the portfolio delta was 0.004136, 
vega was -126.2, theta was 488.7, rho was -4.973, and gamma was -0.000034. Hang Seng Index 
closed at 7837.602 on the expiration date September 29, 1998. The put options were then worth 0, 
0 and 562 respectively. The profit was 473 index points, or HK$ 23650. Hang Seng Index closed 
nearly at the same level for the expiration dates of the two months. This was an excellent situation 
for the long positions ofbutterfly spread. 
This is the case of poor retum. Hang Seng Index closed at 11503.758 on March 30，1998. 
A put option of exercise price 11000 expiring April 1998 was worth 82, and it was longed. Put 
option of exercise price 11600 also expiring May 1998 was worth 317，and two was shorted. A 
put option of exercise price 12200 expiring April 1998 was worth 751, and it was longed. When 
the strategy was set up, the portfolio delta was 0.04262, vega was -826.4, theta was 1119，rho was 
22.42, and gamma was -0.000390. Hang Seng Index closed at 10471.148 on the expiration date 
April 29, 1998. The put options were then worth 529, 1129 and 1729 respectively. The loss was 
199 index points, or HK$ 9950. The significant movement in the market was bad news for long 
positions ofbutterfly spread. 
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SV>ort Piit Riitterflv Spread 
A short put butterfly spread is the inverse of long put butterfly spread. It involves a short 
put of lower exercise price, two long puts of middle exercise price and a short put of higher 
exercise price. When setting up, the strategy has delta about zero, a negative theta, and a positive 
gamma. The profit is bounded. The loss is also bounded but can be substantial if the price of 
underlying instrument remains stagnant. 
Condor 
A condor is a modification of butterfly spread. The two middle exercise prices of the 
options in a condor are different. A long position in a condor comprises a long position in option 
of a low exercise price, a short position of a higher exercise price, a short position of a yet higher 
exercise price, and a long position of the highest exercise price. At expiration, the profit is highest 
if the price of underlying instrument is between the two middle exercise prices. 
Calendar Spread 
A calendar spread comprises a long position and a short position in options differing only 
by the expiration dates. Typically, traders intend to apply the properties of theta of the options. 
Calendar spread is also called time spread or horizontal spread. 
Long Call Calendar Spread 
A long call calendar spread involves a long call of longer time to expiration and a short 
call of shorter time to expiration. When setting up, the strategy has a delta around zero, a positive 
theta, and a negative gamma. The loss is bounded. The profit is also bounded, but can be 
substantial if the price of underlying instrument remains stagnant。 
Here is the case of good performance. Hang Seng Index closed at 7906.156 on July 30, 
1998. A call option of exercise price 8000 expiring September 1998 was worth 575. A call option 
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ofthe same exercise price but expiring August 1998 was worth 383, and it was shorted. When 
the strategy was set up, the portfolio delta was 0.02290, vega was 402.4, theta was 816.7, rho was 
310.7，and gamma was -0.000116. Theta was positive with other sensitivities small. Hang Seng 
Index closed at 7829.738 on the expiration date of the shorted option, August 28，1998. The call 
options were then worth 567 and 0 respectively. The profit was 375 index points, or HK$ 18750. 
This is the case of bad performance. Hang Seng Index closed at 8973.859 on January 26, 
1998. A call option of exercise price 9000 expiring March 1998 was worth 923. A call option of 
the same exercise price, but expiring February 1998 was worth 634, and it was shorted. When the 
strategy was set up, the portfolio delta was 0.01809, vega was 449.8, theta was 1247, rho was 
345.3, and gamma was 0.000077. Hang Seng Index closed at 11224.777 on the expiration date of 
the shorted option, February 26, 1998. The call options were then worth 2265 and 2225 
respectively. The loss was 249 index points, or HK$ 12450. The substantial movement in the 
Hang Seng Index level caused the loss. 
Short Call Calendar Spread 
A short call calendar spread is the inverse of the long call calendar spread. It involves a 
short call of longer time to expiration and a long call of shorter time to expiration. When setting 
up, the strategy has a delta around zero, a negative theta, and a positive gamma. The profit is 
bounded. The loss is also bounded, but can be substantial if the price of underlying instrument 
remains stagnant 
l^ong Pyt Calendar Spread 
A long put calendar spread involves a long put of longer time to expiration and a short 
put of shorter time to expiration. When setting up, the strategy has a delta around zero, a positive 
theta, and a negative gamma. The loss is bounded. The profit is also bounded, but can be 
substantial if the price of underlying instrument remains stagnant. 
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Here is the case of superior retum. Hang Seng Index closed at 7906.156 on July 30, 
1998. A put option ofexercise price 8000 expiring September 1998 was worth 669. A put option 
ofthe same exercise price but expiring August 1998 was worth 477, and it was shorted. When the 
strategy was set up, the portfolio delta was 0.02290, vega was 402.4, theta was 816.7, rho was -
401.9，and gamma was -0.000116. Hang Seng Index closed at 7829.738 on the expiration date of 
the shorted option，August 28，1998. The put options were then worth 738 and 170 respectively. 
The profit was 376 index points, or HK$ 18800. The stagnant market in the month was the reason 
for the profit. 
This is the case ofpoor retum. Hang Seng Index closed at 8973.859 on January 26，1998. 
A put option of exercise price 9000 expiring March 1998 was worth 949. A put option of the 
same exercise price, but expiring February 1998 was worth 660, and it was shorted. When the 
strategy was set up, the portfolio delta was 0.01809，vega was 449.8，theta was 1247, rho was -
456.3, and gamma was 0.000077. Hang Seng Index closed at 11224.777 on the expiration date of 
the shorted option, February 26, 1998。The put options were then worth 41 and 0 respectively. 
The loss was 248 index points, or HK$ 12400。The substantial movement in Hang Seng Index 
made the loss for the long calendar spread strategy。 
Short Put Calendar Spread 
A short put calendar spread is the inverse of the long put calendar spread. It involves a 
short put of longer time to expiration and a long put of shorter time to expiration. When setting up, 
the strategy has a delta around zero, a negative theta，and a positive gamma. The profit is bounded. 




A diagonal spread comprises a long position and a short position in options differing by 
both exercise prices and expiration dates. A diagonal spread can be decomposed into a money 
spread and a calendar spread. 
Combination Strategies 
Combination strategies involve both call and put options. They are quite aggressive 
strategies. Typically, investors using the combination strategies intend to apply the properties of 
gamma of the options. 
Here, some of the results of retum characteristics ofbasic strategies can be used to get the 
results of retum characteristics of combination strategies, as combinations are built up byjoining 
simple options. 
Straddle 
A straddle comprises positions in call and put，with the same exercise price and 
expiration date. 
Long Straddlg 
A long straddle involves a long call and a long put with the same exercise price and 
expiration date. This strategy is used if the trader believes that a significant change in the price of 
underlying instrument is going to occur, but does not have opinion on the direction of the change. 
When setting up, the strategy has a delta around zero, a very negative theta, and a positive gamma. 
The loss is bounded, and it occurs if the price of underlying instrument remains stagnant. The 
profit is not bounded, and it occurs if the price of underlying instrument moves in either direction 
with magnitude great enough. 
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Here is the case of good performance. Hang Seng Index closed at 14864.367 on 
September 29, 1997. A call option ofexercise price 14800 expiring October 1997 was worth 599. 
A put option ofthe same exercise price and expiration date was worth 535. When the strategy 
was set up, the portfolio delta was 0.07425, vega was 3374, theta was -6923, rho was -2.426, and 
gamma was 0.000558. Hang Seng Index closed at 10362.859 on the expiration date October 30， 
1997. The call option was then worth 0 and the put option was worth 4437. The profit was 3303 
index points, or HK$ 165150. The huge move in the market gave rise to such a great profit 
opportunity. Hang Seng Index dropped by more than four thousand points within the month. 
This is the case ofbad performance. Hang Seng Index closed at 10362.859 on October 30， 
1997. A call option of exercise price 10400 expiring November 1997 was worth 938. A put 
option of the same exercise price and expiration date was worth 975. When the strategy was set 
up, the portfolio delta was 0.07986, vega was 2351, theta was -11662, rho was -88.60, and 
gamma was 0.000331。Hang Seng Index closed at 10583.098 on the expiration date November 27， 
1997. The call option was then worth 183 and the put option was worth 0. The loss was 1730 
index points, or HK$ 86500. This time，it was the stagnant market that made both the call option 
and the put option worthless, leading to such a huge loss. 
Short Straddle 
A short straddle is the inverse of long straddle. It involves a short call and a short put 
with the same exercise price and expiration date。This strategy is used if the trader believes that 
the market will remain stagnant. When setting up, the strategy has a delta around zero, a very 
positive theta, and a negative gamma。The profit is bounded, and it occurs if the price of 
underlying instrument remains stagnant. The loss is not bounded. The loss occurs if the price of 
underlying instrument moves in either direction with magnitude great enough. 
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Strap 
A strap is variation ofastraddle. It is more bullish than a straddle by involving two calls 
and one put. 
Strip 
A strip is another variation of a straddle. It is more bearish than a straddle by involving 
one call and two puts. 
Strangle 
A strangle comprises positions in call and put, with the same expiration date, but the 
exercise prices are different. The strangle strategy is a more defensive than a comparable straddle 
strategy. 
Long Strangle 
A long strangle involves a long call and a long put with the same expiration date, but the 
exercise price of the long call is higher than the exercise price of the long put. When setting up, 
the strategy has a delta around zero, a very negative theta, and a positive gamma. The loss is 
bounded, and it occurs if the price of underlying instrument remains stagnant。The profit is not 
bounded, and it occurs if the price of underlying instrument moves in either direction with 
magnitude great enough. The maximum loss of a long strangle is smaller than the maximum loss 
of a comparable long straddle。However, the price of underlying instrument must move in a larger 
magnitude for the long strangle to breakeven。 
Here is the case of good performance. Hang Seng Index closed at 14864.367 on 
September 29，1997. A call option of exercise price 15400 expiring October 1997 was worth 349, 
A put option of exercise price 14200 also expiring October 1997 was worth 285。When the 
strategy was set up, the portfolio delta was 0.07414, vega was 3084，theta was -6329, rho was 
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38.25，and gamma was 0.000510. Hang Seng Index closed at 10362.859 on the expiration date 
October 30，1997. The call option was then worth 0 and the put option was worth 3837. The 
profit was 3203 index points, or HK$ 160150. The volatile market gave a fortune to traders using 
the strangle strategy. However, the gain of the strangle strategy was smaller than that of the 
comparable straddle strategy. 
This is the case ofbad performance。Hang Seng Index closed at 10362.859 on October 30， 
1997. A call option of exercise price 11000 expiring November 1997 was worth 698. A put 
option of exercise price 9800 also expiring November 1997 was worth 674. When the strategy 
was set up, the portfolio delta was 0.08296, vega was 2278, theta was -11300, rho was -41.81， 
and gamma was 0.000321. Hang Seng Index closed at 10583.098 on the expiration date 
November 27, 1997. Both the call option and put option were then worth 0. The loss was 1372 
index points, or HK$ 68600. The stagnant market caused the loss. However, the loss of the 
strangle strategy is smaller than that of the comparable straddle. 
Short Strangle 
A short strangle is the inverse of long strangle. It involves a short call and a short put 
with the same expiration date, but the exercise price of the call is higher than the exercise price of 
the put. When setting up，the strategy has a delta around zero, a very positive theta, and a negative 
gamma’ The profit is bounded, and it occurs if the price of underlying instrument remains 
stagnant. The loss is not bounded. The loss occurs if the price ofunderlying instrument moves in 
either direction with magnitude great enough. The maximum profit ofashort strangle is smaller 
than the maximum profit of a comparable short straddle. However, the price of underlying 
instrument can move in a larger magnitude for the short strangle before the strategy incurs a loss. 
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Selecting Trading Strategies Intelligently 
Different options trading strategies have different structures, costs, retum profiles, and 
risks. Traders should choose the strategies according to their expectations about the market. 




In this paper, numerous aspects of options are analyzed in detail. The results of the 
studies, tests and investigations are useful for academics and practitioners. 
Specifically, the framework of options is first studied. Most of the results apply to options 
in general. However, if there are differences for different kinds of options, the benchmark is used 
to avoid unnecessary conftision about behavior of different types of options. Hang Seng Index 
option is chosen as the benchmark because it is the most widely traded options in the secondary 
market ofHong Kong. 
Knowing the basic rules of the game, the properties of options are then investigated. The 
bounds on the price of options and the put-call parity lay down the foundation for more in-depth 
analysis. Moreover, put-call parity can be applied to mimic portfolio and create synthetic 
instrument. 
With this background, we proceed to studying the factors affecting option prices. 
Sophisticated mathematical model is used as a precise description of option behavior. Black-
Scholes option pricing model is the standard in the finance industry, so it is investigated 
thoroughly。The assumptions are analyzed critically。A test on the normality ofthe rate ofretum 
on Hang Seng Index is performed. The results show that the rate ofretum on Hang Seng Index is 
not exactly normal. Nevertheless, the distribution is close to a normal distribution. 
Investigations about whether the variance of the rate of retum on Hang Seng Index is a 
constant are conducted. Once again, there are empirical evidences that the assumption is not 
strictly correct. Volatility changes over time, Besides, volatility tends to be relatively large when 
the price of underlying instrument is low. Nonetheless, as most transactions of Hang Seng Index 
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options are concentrated on those expiring in the spot month or the next month, it is not 
problematic to assume that variance is a constant in such a short period. Other assumptions have 
less impact on the model. 
Volatility is an important variable in the Black-Scholes model. An investigation of the 
predictability of implied volatility versus historical volatility is performed. The root mean square 
error between implied volatility and realized volatility in the months concerned is smaller. The 
results show that implied volatility is a better forecast of future volatility. Implied volatility 
reveals market opinion. So the results suggest that market participants may employ more 
information thanjust historical volatility to better estimate fiiture volatility. The market is highly 
efficient in digesting information. Beating the market is not easy. 
Although the Black-Scholes model is popular, there is bias in the model. The reason may 
come from the assumptions of the model. As discussed, the assumptions are reasonably accurate, 
but not strictly hold. As a result, volatility smile and volatility term structure come out. Market 
participants deal with the problems by constructing volatility matrices. Despite the shortcomings, 
the Black-Scholes model is adequate and useful for most situations. 
Other option pricing models are analyzed. The Merton model ofcontinuous dividend, the 
Cox's constant elasticity of variance diffusion formula, and the Merton's jump-diffusion formula 
are discussed. These models may have their merits。They may better fit the market prices. 
However, they suffer from other weaknesses, such as the need for estimating new parameters. 
The problem is that the new parameters cannot be estimated with sufficient accuracy. No model is 
superior to the Black-Scholes model in all respects。Moreover, the Black-Scholes model has clear 
assumptions, and suits a wide range of applications。It tums out to be a popular tool in valuation 
options. 
The above are helpful in determining the value of options. If a trader thinks that the 
market mispriced an option, he can enter a position in the option. In addition, one can also 
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construct a portfolio of options, or even a portfolio of options and other financial instruments, 
to take advantage of the opportunity more effectively. Therefore, option strategies are useful 
techniques for traders. Simple strategies, spreads and combinations are thoroughly explored. 
Furthermore, the sensitivities of an options portfolio with the factors affecting option prices are 
important for option traders in making their decision. They enable option traders to take 
advantage of opportunities and avoid surprises effectively. Many strategies make use of the 
properties of delta, theta or gamma. As the strategies are so useful, a research on the profit 
potential and risk of the strategies are conducted. The monthly transactions generated the 
maximum profits and losses in the past two years of the main strategies are investigated. 
Moreover, the sensitivities of the portfolios with the option prices factors are also computed to 
show the way to use the strategies most effectively. The results show that each strategy has its 
strength and weakness. Usually, strategies produce large profits in favorable situations also incur 
large losses in unfavorable situations. 
The results and information in the paper provide insightfUl ideas for researchers. 
Moreover, traders can employ the results and information in their decision making. 
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APPENDIX 1 
CONTRACT SPECIFICATION OF HANG SENG E^DEX OPTIONS】 
Underlying Indg?c 
Hang Seng Index (Compiled, computed and disseminated by HSI Services Ltd) 
Contract Multiplier 
HK$50 per index point 
Contract Months 
(For short-dated options) spot month, the next two calendar months, the next three calendar 
quarter months (quarter months are March, June，September, and December) and (for long-dated 
options) the next two months of June and December, After the expiry day in June and December 
respectively, a new long-dated option with a 24 month term and three new strike prices will be 
introduced, e.g. one strike price which is "out-of-the-money", one strike price which is "at-the-
money" and one strike price which is "in-the-money". 
Contracted Value 
Option premium multiplied by the contract multiplier 
Minimum Fluctuation 
One index point 
Source : Hong Kong Futures Exchange Ltd. 
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Large Open Positions 
500 contracts in any option series per member for the member's own behalf; and 500 contracts in 
any option series per each client. 
Option Premium 
Option premium is quoted in whole index points 
Cabinet Bids 
HK$10.00 per contract to include all applicable fees and levies 
Strike Prices 
For short-dated options, strike prices shall be set as follows: (i) at intervals of 50 index 
points at strike prices below 2,000 index points; (ii) at intervals of 100 index points at strike 
prices at or above 2,000 index points but below 8,000 index points, and (iii) at intervals of 200 
index points at strike prices at or above 8,000 index points。 
For long-dated options, strike prices shall be set at approximately 5% above, at and 5% 
below the previous day's closing price of the HSI at the time of options introduction for trading, 
rounded down to the nearest multiple of 50 index points with the strike prices below 2,000 index 
points, 100 index points with the strike prices at or above 2,000 index points but below 8,000 
index points, and 200 index points with the strike prices at or above 8,000 index points. 
Trading Hours rHong Kong time) 
9:45 a.m. - 12:30 p.m. (firsttrading session) 2:30 p.m. - 4:15 p.m. (second trading session) 
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Trading Hours on Expiry Pay (Hong Kong time) 
9:45 a.m. - 12:30 p.m. (first trading session) 2:30 p.m. - 4:00 p.m. (second trading session). The 
closing time shall be adjusted automatically to correspond with the closing time of the underlying 





Settlement on Exercise 
Cash settlement 
Expiry Day 
The business day immediately preceding the last business day of the contract month 
Final Settlement Day 
Business day immediately following expiry day 
Official Settlement Price 
The official settlement price for Hang Seng Index options shall be a number，rounded down to the 
nearest whole number, declared by the Clearing House and shall be the average ofthe quotations 
ofthe Hang Seng Index taken at five-minute intervals during the expiry day. 
Trading Fees & Levies (ner contract per sidp、 
Exchange Fee (which includes an HKFE development fund fee ofHK$0.50) 
• HK$10.00 
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Securities and Futures Commission levy 
• HK$1.00 
Compensation fund levy 




An exercise fee of HK$ 10.00 per contract for options that are exercised on expiry day 
Minimum Commission fper contract per side) 
Minimum commission will be payable on all trades and will be set at the lesser of:-
a. 1% ofthe contracted value rounded up to the nearest Hong Kong dollar with a minimum of 
HK$30; and 
b. HK$100 
There is no minimum commission for options that are designated cabinet bids as they have no 
contracted value 
64 
A P P E N D I X 1 




15000 ^ ^ / L 
13000 y^"^^^^~~A 
11000 - A , w , U ^ " ^ ^ 夏 
= *^〜芒 
5000 . tiiiiii⑴丨丨丨丨 —.....jMiiiiMil 




CONTESFUOUSLY COMPOUNDED RATE OF RETURN ON HANG SENG Es[DEX, 
JANUARY 1996 TO FEBRUARY 1999 
Continuously Compounded Rate of Return 
on Hang Seng Index 
0 . 2 n — ：—— 
^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^B ^^^^^^^^^^^^^^^^^^^^ f^c 
^^^^^^^^^^^^^^^^^^^^^^^^J^^^^^^^^^^^^^^^^^S ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^m ^^^S ^^ B^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ p 
0.1 -二’、、‘ ,•__"—______'、‘.__ii_,___— 
n J^y^wfHmhMWl>nhArt<klL fa lMl i iMlLmll i l J 。i9T^'T*，?Pffi) 
- 0 . 1 - — ~ ~ ~ — — - — — _ _ _ _ _ _ _ _ _ ’丨丨…丨丨丨丨丨丨 • 





Don M. Chance. An Introduction to Derivatives. 3rd ed. The Dryden Press, 1995. 
Hugh Denning. Equity Options: Valuation, Trading & Practical Strategies. Longman 
Professional, 1991. 
James B. Bittman. Trading Index Options. McGraw-Hill, 1998. 
Jarrow&Tumbull. Derivative Securities. South-Westem College Publishing, 1996. 
John C. Cox, and Mark Rubinstein. Options Markets. Englewood Cliffs, New Jersey: Prentice 
Hall, 1985. 
John C. Hull. Introduction to Futures and Options Markets. 3rd ed. Upper Saddle River, New 
Jersey: Prentice Hall, 1998. 
Richard Hexton. Dealing in Traded Options. New York: Prentice Hall, 1989. 
Robert A. Jarrow, and Andrew Rudd. Option Pricing. Homewood, Illinois: Richard D. Irwin, 
Inc., 1983. 
Robert W. Kolb. Futures, Options & Swaps. 2nded. UK: Blackwell Business, 1997. 
Manual for Stock Options Practitioners. The Stock Exchange ofHong Kong, 1997. 
Periodicals 
D. M. WALSH and G. YU-GEN TSOU. "Forecasting Index Volatility: Sampling Interval and 
Non-trading Effects." Applied Financial Economics. 8 (October 1998): 477. 
Don M. Chance, and Robert R. Trippi. "The Pricing of Index Options When the Underlying 
Assets All Follow a Lognormal Diffusion, Advances in Futures and Options Research 7 (1994): 
65. 
Gregory M. Martinex. "Extracting Market Views from the Price of Options on Futures；' The 
Joumal ofFutures Markets. 18(January 1998): 1. 
J. Fleming. "The Quality of Market Volatility Forecasts Implied by S&P 100 Index Option 
Prices." Joumal ofEmpirical Finanr.e 5 (October 1998):317. 
67 
John Hull, and Alan White. "An Analysis of the Bias in Option Pricing Caused by a Stochastic 
Volatility." Advances in Futures and Options Research. 3 (1988): 29. 
Raman Kumar, and Kuldeep Shastri. "The Predictive Ability of Stock Prices Implied in Option 



















 - • • > , .
 . . ¾
 : . . . “
 『 . ： • - .
 I
 .
 > : .







 - . ? : ; . : 










 s , 






































 . 」 • >
 -
 J 
CUHK L i b r a r i e s 
• • 3 ? 0 4 b 0 b 
